ABSTRACT. Unequal sex ratios lead to the loss of genetic variability, decreasing the viability of populations in the long term. Anthropogenic activities often disturb the natural habitats and can cause alterations in sex ratio and morphological characteristics of several species. Forest fragmentation is a major conservation concern, so that understanding its effects in natural populations is essential. In this study, we evaluated the sex ratio and the morphological characteristics of Rufous Gnateaters (Conopophaga lineata (Wied, 1831)) in small and large forest fragments in Minas Gerais, Brazil. Birds (n = 89) were sexed by plumage characteristics and molecular markers. The molecular analysis showed that plumage is not a totally reliable method for sexing Rufous Gnateaters. We observed that sex ratio did not differ between large and small forest fragments, but birds in small fragments had larger wings and tarsus. Wing and tarsus changes may affect the movement ability of individuals within and among forest fragments. In conclusion, Rufous Gnateaters have been able to survive in both small and large Atlantic rain forest fragments without altering their sex ratio, but morphological changes can be prejudicial to their long term survival.
Sex ratio is defined as the proportion of males to females in a population (PIANKA, 1999) . This proportion is separated by life stage of the organisms, being characterized as primary sex ratio when in egg phase, secondary in nestling phase, tertiary in immature adults and quarternary in breeding adults (PIANKA, 1999) .
Sex ratio is an important parameter to understand the life history of a population, being the result of several ecological, behavioral and evolutionary factors (SEGER & STUBBLEFIELD, 2002) . Changes in sex ratio are usually associated with mating system, sex determination mechanisms (growth differences between the sexes), decreasing of population size and anthropogenic activities (CLUTTON-BROCK, 1985; FRANKHAM et al., 2002) . Unequal sex ratios can lead to loss of genetic variability due to endogamy (PAXTON et al., 2002) , decreasing the viability of the populations in the long term (DOHERTY & GRUBB, 2002) , since genetic diversity is essential to species responses to environmental changes.
Natural selection benefits parents who invest similarly in sons and daughters (TRIVERS & WILLARD, 1973) . However, it is known that males and females show differences of energetic costs during development SHELDON et al., 1998) . This distinct energetic cost is a main factor that could influence the primary (egg phase) and secondary (nestling phase) sex ratios in dioecious organisms (PIANKA, 1999) . In mammals and birds with sexual dimorphism, males grow faster than females, thus males need more nutrients to grow . In this way the parents can selected the sex of the offspring depending on the environmental conditions. Under extreme conditions, females can feed one sex more than the other, preferably the sex with less energetic cost (COCKBURN et al., 2002) . However, through evolutionary time species tend to balance the sex-ratio invested in the less abundant sex (rare sex) (TRIVERS & WILLARD, 1973) .
Forest fragmentation increases the amount of edge and thus increases light incidence in the core area, reduce humidity and modify habitat's physical structure (SOULÉ, 1986) . These changes may further increase pressures from predation, competition, parasites and diseases, consequently reducing survival rate and reproductive fitness (BIERREGAARD et al., 1992; ROLSTAD, 1991) . Fragmentation may also decrease food supplies due to changes in abundance and diversity of invertebrates in fragmented areas (BARBOSA & MARQUET, 2002; KOIVULA & VERMEULEN, 2005) . Fragmentation can also reduce the area available to forage and to breed, leading to smaller population sizes in fragmented regions (BIERREGAARD et al., 1992) .
Other ways forest fragmentation can also modify morphological characteristics are through genetic (inbreeding) and environmental stress (pollutants, parasitism and low food availability) (SOULÉ, 1986; ANCIÃES & MARINI, 2000) . Modifications in morphological characteristics are directly under selection, since they are associated to survival in altered environments (LEARY & ALLENDORFF, 1989) . ANCIÃES & MARINI (2000) , studying Passeriformes in the Atlantic rain forest, detected higher asymmetry in morphological traits in birds from smaller than from larger forest fragments.
The Brazilian Atlantic rain forest originally occupied an area of 1.1 million km 2 and covered a large extension of the Brazilian coast. Nowadays, this biome is considered one of the world's most important conservation hotspot areas, due to its high levels of endemism and degradation, remaining only 5% of its original area (MYERS et al., 2000) . Most of the remaining forests are located in regions of steep topography, where agriculture and cattle ranching are not economically viable.
Rufous Gnateaters, Conopophaga lineata (Wied, 1831), are small understory insectivorous birds that occur in tropical and temperate forests of South America (SIGRIST, 2005) , from Paraguay and northeastern Argentina to northeastern Brazil (SICK, 1997) . This is a common species in the Atlantic forest. However, despite its large distribution, few studies have been done to understand its biology and ecology (WILLIS et al., 1983; SICK, 1997) . Its wide distribution along the Atlantic forest, and usually high abundance, along with the easiness they are captured in mist-nets, make this species a good model for studies concerning the effects of forest fragmentation in the Neotropics.
In this study, we evaluated sex ratio and morphological characteristics of C. lineata in Atlantic forest fragments in the State of Minas Gerais, Brazil. We specifically addressed a comparison of C. lineata quaternary sex ratio (adults phase) in small and large fragments, whether morphological characteristics of the birds have been affected by habitat fragmentation and whether fragmentation is affecting males and females differently, modifying their morphological characteristics.
MATERIAL AND METHODS
Conopophaga lineata specimens were captured with mist nets in ten fragments at five locations in the Atlantic rain forest of the State of Minas Gerais, Brazil, between August 2000 and November 2001. At each location, two fragments were sampled: a large one (>1,000 ha) and a small one (10-30 ha). Fragments were immersed in a matrix of monocultures or pastureland and always isolated at least 1 km from each other. Birds were captured from dawn to 17:00 h, with 20 mist nets per day and a mean sample effort of 640 mistnet hours/fragment. Captured birds received a metal band provided by CEMAVE/IBAMA.
Morphological characteristics (wing length, tarsus, nostril, tail and body mass) were taken with metal calipers and spring scales. Birds were sexed in the field by plumage, with males presenting a white post ocular tuft and females presenting a gray tuft. Blood samples were collected (~0.1 ml) from a tarsus vein, and kept in 70% alcohol at 4°C for posterior analysis in the laboratory. Genomic DNA was isolated from blood samples through standard phenol/ chloroform technique, precipitated with ethanol and resuspended in T.E. buffer (Tris-EDTA) (SAMBROOK et al., 2001) . The extracted DNA was amplified by PCR according to the method described by GRIFFITHS et al. (1998) using primers P2 (5'-TCTGCAYCGCTAAATCCTTT-3') and P8 (5'-CTCCCAAGGATGAGRAAYTG-3'). The reaction was prepared to the final volume of 12.5 μl, containing 1X Buffer Taq polymerase (10mM Tris-HCl, pH 8.3, 50mM KCl), 1.5 mM MgCl 2 , 2mM of each dNTPs, 8 pmol of each primer, 0.5u Taq polymerase and approximately 20 ng of DNA. Polymerase Chain Reaction following profile: 94ºC for 2 min, followed by 35 cycles of 94ºC for 30s, 48ºC for 45s, 72ºC for 45s, with final extension 72ºC of 5 min. The PCR products were separated by electrophoresis in 6% polyacrylamide gels and the bands were visualized by silver staining (SANTOS et al., 1996) . Males were identified by the presence of a single band (380 bp) and females by the presence of two bands (380 and 400 bp).
Statistical analyses. Determination of sex by plumage coloration and molecular technique were compared with Mann-Whitney test. The sex ratio in each fragment was tested through χ 2 test and the difference in sex ratio between large and small fragments was tested with Mann-Whitney. All morphologic characteristics are continuous variables with normal distributions (Kolmogorov-Smirnov test). Principal Component Analysis (PCA) was used to verify if the variables measured some structure (HAIR et al., 1995) . This is an exploratory analysis which correlated all variables (fragment size, sex, morphological characteristics) seeking for principal components through the variance observed in Conopophaga lineata individuals. Addionally t-tests were used to verify if body measurements (wing length, tarsus, nostril, tail and body mass) differ between males and females, if these characteristics differ between small and large fragments, and if fragment size was affecting male and female body measurements differently.
RESULTS
Plumage was not a totally reliable characteristic in sex determination of C. lineata. The molecular technique allowed the exact sexing of individuals otherwise unidentified (three birds) or misidentified as females (five birds), showing that sex determination by plumage coloration had a 10% error. The use of these two techniques did not show significant differences (U=1.38; p=0.167). Thus, from now on we report only analyses based on molecular sex identification, unless otherwise stated.
We captured a total of 98 C. lineata, 41 females and 57 males, with more individuals captured in small (n=67) than in large (n=31) fragments. We captured 11 females and 20 males in the large fragments and 30 females and 37 males in the small fragments, but this ratio was not different from the 1:1 expected proportion. This pattern is the same when each area was tested separately (Tab. I). Also, sex ratio of C. lineata did not differ when this proportion was compared between large and small fragments (Mann-Whitney test; U= 0.7462; p=0.455).
The PCA did not show great difference of morphological characteristics among males and females or due to fragment size. However the principal factors responsible for the variance in Conopophaga lineata were tail, wing and tarsus (Fig. 1, Tab. II) . The separate analyses of morphological traits corroborated that male and female C. lineata had similar morphological traits. Even though males tended to be larger than females, no difference was observed in the five morphological characteristics analyzed (wing length, tarsus, nostril, tail and body mass) (all p>0.05) (Tab. III). However, analyses of the morphological traits between large and small fragments revealed that the mean size of wing and tarsus were significantly higher in small fragments than in the large ones (Tab. IV). The other three characters analyzed did not differ.
DISCUSSION
Genetic sexing technique proved to be most adequate for sexing C. lineata. Even though most individuals were sexed properly by the color of the post ocular tuft, some male individuals were misidentified as females. These birds might be young males with (SICK, 1997) , and to disperse between forest fragments. Other authors also have showed that this species remains in small fragments, suggesting that C. lineata is an Atlantic forest species weakly affected by fragmentation processes (ANCIÃES & MARINI, 2000) .
Forest fragmentation is an important stress for Passeriformes in the Atlantic forest (ANCIÃES & MARINI, 2000) . This stress associated with modification in physical structure of the environmental can lead to changes in morphological characteristics. We observed larger wing and tarsus length in the small fragments, and the difference was not sex related. Although these morphological changes are small, they must be a response to habitat alteration, isolation and/or predation pressure. A larger tarsus gives birds a greater impulse and strength (POUGH et al., 1993) . Maybe, larger tarsus could allow the individuals to forage on the ground and to escape more effectively from predators.
In general, the wings of forest birds tend to be short and round, especially for understory foraging species such as the Rufous Gnateaters, enabling them to fly around obstacles. The wing length influences beat frequency and consequently the ability and speed to raise flight (POUGH et al., 1993) . Longer wings, as reported by us for C. lineata in the smaller fragments, may represent an adaptation to disperse more efficiently among forest fragments. We must point out that ANCIÃES & MARINI (2000) also reported higher fluctuating asymmetry of wings of the C. lineata in smaller than in larger fragments of the Atlantic rain forest, demonstrating that this species suffers morphological changes due to fragmentation. However, studies on the variation of birds' morphological characteristics related to forest fragmentation are scarce (ANCIÃES & MARINI, 2000) . Specialized species that dependent intensively on forest interior may be affected in different ways by forest fragmentation. Thus, studies that seek to test this pattern must include other forest Neotropical species, in order to understand properly the effects of forest fragmentation.
In conclusion, it was observed in this work that C. lineata have been able to survive in both small and large Atlantic forest fragments without altering their sex ratio, but with some morphological changes. This survival is possibly due to its ability to use edge habitat and disperse among forest fragments. However, these outcomes indicate that diverging selection has favored individuals with different morphological characteristics in small and large fragments.
